A novel, salt-dependent, non-motile, rod-shaped, Gram-stain-negative and non-endosporeforming bacterium, designated strain Cs16b T , was isolated from the rhizosphere of Arthrocnemum macrostachyum, a halophytic plant at the Lebrija marshes (Seville, Spain). Strain Cs16b T was catalase-and oxidase-positive, and able to hydrolyse casein. Growth occurred from 15-40 8C, at pH 6.0-10.0 and with 1-6 % (w/v) NaCl. Q-8 was identified as the major ubiquinone and the predominant cellular fatty acids were iso-C 15 : 0 , iso-C 17 : 1 cis8, iso-C 11 : 0 3-OH, iso-C 17 : 0 , C 17 : 0 cyclo and iso-C 11 : 0. The polar lipids profile consisted of phosphatidylethanolamine, phosphatidylglycerol, two unknown glycophospholipids, an unknown aminoglycophospholipid, an unknown aminophospholipid and an unknown phospholipid. The 16S rRNA gene of strain Cs16b T showed 98.1 %, 97.8 %, and 97.6 % sequence similarity with Microbulbifer maritimus CIP 108504 T
, Microbulbifer taiwanensis DSM 24146 T and
Microbulbifer gwangyangensis JCM 17800 T , respectively. Based on the phenotypic and genotypic features, it is concluded that strain Cs16b
T represents a novel species of the genus Microbulbifer, for which the name Microbulbifer rhizosphaerae sp. nov. is proposed. The type strain is Cs16b T (5DSM 28920
The genus Microbulbifer, whose type species is Microbulbifer hydrolyticus (González et al., 1997) , is included within the family Alteromonadaceae in the phylum Proteobacteria.
At the time of writing, there are 19 species of the genus Microbulbifer with validly published names. Members of the genus Microbulbifer can be found in a wide variety of marine environments, such as in marine algae (Nishijima et al., 2009 ) and sponges (Jeong et al., 2013) , and are known for their ability to produce bioactive substances (Nishijima et al., 2009 ) and degrade several polysaccharides (Yoon et al., 2004 (Yoon et al., , 2007 Wang et al., 2009; Zhang et al., 2012) , including chitin (González et al., 1997; Yoon et al., 2003; Miyazaki et al., 2008; Baba et al., 2011) .
Salt marshes are ecosystems suppressed to severe climatic conditions, such as pouring annual rainfall, changes in temperature and wind directions, poor skeletal sandy soils and salinity (El-Morsy, 2010) . Those complex environmental conditions lead to unique vegetation called halophytes (Laudadio et al., 2009) . Arthrocnemum macrostachyum L. (glaucous glasswort, Chenopodiaceae) is a C3 shrub common on the coasts of the southwestern Iberian Peninsula, the Mediterranean region, and the Middle East and Asia (Redondo-Gó mez et al., 2010) .
In the course of screening for plant-growth-promoting bacteria from the rhizosphere of the halophyte Arthrocnemum macrostachyum in the Lebrija marshes, Seville, Spain (368 649 290 N 68 129 920 W) in 2013, several halotolerant strains were isolated. This study, based on a polyphasic approach, identifies the taxonomic position of strain Cs16b
T , a halophilic strain representing a novel species within the genus Microbulbifer, isolated from a rhizosphere soil sample of the plant A. macrostachyum.
Rhizosphere soil samples were suspended and homogenized in sterile mineral buffer (0.5 g K 2 HPO 4 , 0.2 g MgSO 4 . 7H 2 O, 0.1 g NaCl and 0.05 g CaCl 2 in 1 l distilled water; Vincent, 1970) . Serial dilutions were plated on nutrient agar (NA; Scharlau: 1 g meat extract, 2 g yeast extract, 5 g peptone and 5 g NaCl in 1 l distilled water, plus 16 g l 21 agar) supplemented with 17.5 g l 21 NaCl (NA-salt) and cycloheximide (100 mg l 21 ), adjusted to pH 7.4. The inoculated plates were incubated at 28 8C for 5 days. Strain Cs16b
T was firstly isolated based on colony morphology and purified by sub-culturing on NA-salt plates. The culture was suspended in 0.5 % peptone and 15 % (w/v) glycerol for preservation at -80 8C.
Colony morphology and pigmentation of strain Cs16b
T on NA-salt and marine agar (MA; Difco) after 2 and 5 days were observed under a binocular microscope according to Pelczar (1957) . Exponentially growing bacterial cultures were observed with an optical microscope (AxioScope A1; Zeiss) with a 100-fold magnification and phase-contrast illumination. Micrographs of bacterial cells grown in marine broth (MB) for 2 and 5 days were taken with a field-emission scanning electron microscope (AURIGA FE-SEM; ZEISS). Motility was tested by stabbing of NAsalt medium (0.3 % agar) tubes with a wire loop of culture; the test was considered positive when a hazy zone was observed around the stab line. Gram staining was performed according to Halebian et al. (1981) and checked by the KOH test (Gregersen, 1978) . Oxidase activity was analysed using filter-paper discs (Sartorius grade 388) impregnated with a 1 % solution of N,N,N',N'-tetramethyl-p-phenylenediamine (Sigma-Aldrich); a positive test was indicated by the immediate development of a blue-purple colour after applying biomass on the filter paper. Catalase activity was tested by the observation of bubbles following the addition of drops of 3 % H 2 O 2 . Anaerobic growth was assessed on NA-salt and NA-salt supplemented with potassium nitrate (0.2 %) by incubation in an anaerobic pouch at 28 8C for 20 days. Growth rates were determined on NA-salt plates for temperatures from 0 to 50 8C (in steps of 5 8C), and in NB-salt tubes adjusted to pH 4.0-11.0 (in steps of 1.0 pH unit) using the organic buffers homopipes, MOPS and Tris at concentration of 20 mM each, for pH 4-5, 6-7 and 8-9, respectively, and 0.05 M Na 2 HPO 4 /0.1 M NaOH buffer for pH 10-11. The salt range for growth was tested on NA (0.5 % NaCl) supplemented with 0.5-9.5 % (w/v) NaCl for a final NaCl concentration of 1-10 %. The requirement of other ions (Mg 2+ and/or Ca 2+ ) were tested as described by Nishijima et al., (2009) . Degradation of specific substrates was examined using agar plates containing various basal media: casein degradation was tested on medium containing skimmed milk (5 %) and NaCl (2 %) and 1 % agarose; tyrosine degradation was investigated on plates containing peptone (0.5 %), beef extract (0.3 %), L-tyrosine (0.5 %), NaCl (2 %) and agarose (1.5 %); the decomposition of xanthine and hypoxanthine was investigated by the same test, replacing L-tyrosine by hypoxanthine or xanthine (0.4 %), respectively; starch degradation was tested on plates containing nutrient broth (0.8 %), starch (1 %), NaCl (2 %) and agarose (1.5 %), developing these plates by flooding with iodine solution (1 %). Results were considered positive when clear zones appeared around the colonies after incubation at 28 8C for 5 days. Enzyme activities of strain Cs16b
T were tested using API ZYM galleries according to the instructions of the manufacturer (bioMérieux). API ZYM galleries were inoculated using bacterial cells suspended in a solution of 0.85 % NaCl and incubated for 6 h at 30 8C. The oxidation of carbon compounds and resistance to inhibitory chemicals of strain Cs16b
T were determined using GEN III MicroPlates ( , yielding a running time of 5 days in Phenotype Microarray mode at 28 8C. The exported data were analysed with the opm package for R (Vaas et al., 2012 (Vaas et al., , 2013 v.0.9.23., statistically estimating parameters from the respiration curves such as the maximum height, and automatically 'discretizing' these values into negative and positive reactions. All the tests were run in two independent determinations. Contradictory results between the two repetitions were regarded as ambiguous.
The extraction of cellular fatty acids was carried out from two loops of biomass (, 40 mg) harvested from the first and second quadrant of NA-salt plates held at 28 8C for 5 days. Analysis was conducted using the Microbial Identification System (MIDI) Sherlock Version 6.1 as described by Sasser (1990) . Results were evaluated against the TSBA40 peak naming table database and calculated against an integrated and curated peak naming table database created from all available MIDI databases. Fatty acids patterns were visualized as a heatmap using the lipid extension of the opm package (Vaas et al., 2012; . Polar lipids were extracted and separated by two-dimensional thin-layer chromatography (TLC) according to Bligh & Dyer (1959) and Tindall et al. (2007) and identified by Minnikin et al. (1984) as modified by Kroppenstedt & Goodfellow (2006) . Respiratory lipoquinones were extracted from freeze-dried cell material with methanol/ hexane as described by Tindall (1990a, b) , separated into their functional classes by TLC and analysed by reversephase HPLC (Tindall, 1990a, b) . Analysis of cellular fatty acids, polar lipids and respiratory lipoquinones were carried out using the reference strains listed above in parallel experiments.
The G+C content of the chromosomal DNA was determined by HPLC according to Mesbah et al. (1989) . Chromosomal DNA was isolated with a Wizard Genomic DNA Purification kit (Promega). The 16S rRNA coding gene was amplified by PCR using universal primers 8f and 1522r (Giovannoni, 1991) at an annealing temperature of 55.0 8C. Sequencing of the purified DNA was performed using a BigDye Terminator v.3.1 cycle sequencing kit (Applied Biosystems) as directed by the manufacturer's protocol, and an ABI PRISM 3730 DNA analyser (Applied Biosystems). Sequence data were edited and assembled manually using BioEdit (Sequence Alignment Editor) v.7.0.5 (Hall, 1999) . Phylogenetic analysis was carried out according to MonteroCalasanz et al. (2012) . Pairwise similarities were calculated as recommended by Meier-Kolthoff et al. (2013) .
Cells of strain Cs16b
T were Gram-stain-negative, nonmotile rods and non-spore-forming. Cells exhibited a rod-coccus cell cycle associated with the growth phase; they were rod-shaped (0.3-0.562.0-4.0 mm) after 2 days incubation at 28 8C on MB, and turned to ovoids (0.5-0.660.5-0.8 mm) when the incubation time was extended to 5 days under the same conditions (Fig. S1 , available in the online Supplementary Material). A similar cell cycle was already described for the species Microbulbifer variabilis (Nishijima et al., 2009) , Microbulbifer marinus and Microbulbifer yueqingensis (Zhang et al., 2012) . Likewise, in other species both types of cells have been observed at the same time (Baba et al., 2011; Kämpfer et al., 2012; Jeong et al., 2013; Vashist et al., 2013) . Sometimes spherical bodies were also found in agreement with observations described by Nishijima et al. (2009) 
(data not shown). Strain Cs16b
T grew at 15 to 40 8C (optimum 40 8C) on NA-salt and MA; no growth was observed below 15 8C and above 40 8C. On NA-salt at 28 8C, colonies were sand yellow, slightly raised with smooth surface and regular edges, turning greenish-brown after 5-6 days. At 40 8C, colonies turned light brown. On MA, sand yellow colonies turned grey and black after 3-4 days at Growth with: 0 % NaCl --
Oxidation of (Gen III MicroPlates): 28 8C and 40 8C, respectively. Colonies were 1.0-2.0 mm diameter (NA-salt) and 2.0-4.0 mm diameter (MA) after 3 days incubation at 28 8C. Growth was observed at pH 6.0-10.0 (optimum pH 7.0) and in the presence of 1-6 % NaCl (w/v; optimal range 1-2 % NaCl).
No growth was observed below 1 % NaCl aor above 6 % NaCl. Strain Cs16b T did not require Mg 2+ or Ca 2+ for growth. According to the Biolog System, strain Cs16b
T oxidized maltose, trehalose, cellobiose, b-gentiobiose, sucrose, turanose, raffinose, a-lactose, melibiose, methyl b-Dglucoside, D- guanidine hydrochloride, D-gluconic acid, glucuronamide, quinic acid, D-saccharic acid, p-hydroxyphenylacetic acid, D-lactic acid methyl ester, L-lactic acid, citric acid, potassium tellurite, a-hydroxybutyric acid, acetoacetic acid, sodium formate, butyric acid or sodium bromate. The full phenotype microarrays obtained using the OmniLog device in comparison to the type strains of other species of the genus Microbulbifer showed the biochemical distinction of strain Cs16b
T from related species (Fig. S2) ; a summary of some differential phenotypic characteristics is presented in Table 1 .
The predominant respiratory lipoquinone found in strain Cs16b
T was a ubiquinone with eight isoprene units (Q-8) at a peak area ratio of 99.5 %. The polar lipid profile of strain Cs16b
T consisted of the predominant compounds phosphatidylethanolamine, phosphatidylglycerol, an unknown glycophospholipid (GPL1) and an unknown aminoglycophospholipid, and minor amounts of an unknown glycophospholipid (GPL2), an unknown aminophospholipid, and an unknown phospholipid. This is in accordance with chromatographic profiles observed for reference strains in this study ( Plates were sprayed with molybdatophosphoric acid (3.5 %; Merck) for detection of total polar lipids. PE, Phosphatidylethanolamine; PG, phosphatidylglycerol; AL, unknown aminolipid; L1-5, unknown lipids; APL, unknown aminophospholipid; PL, unknown phospholipid; GPL1-2, unknown glycophospholipids; AGPL, unknown aminoglycophospholipid; GL1-2, unknown glycolipids. All data are from this study.
branched-chain acid iso-C 15 : 0 (23.3¡1.2 %) as the major fatty acid, but also iso-C 17 : 1 cis8 (13.9¡1.1 %), iso-C 11 : 0 3-OH (13.7¡1.0 %) and iso-C 17 : 0 (13.6¡0.4 %), and significant amounts of C 17 : 0 cyclo (8.1¡0.4 %) and iso-C 11 : 0 (7.2¡0.4 %). These results are in agreement with the fatty acid patterns obtained for the other species of the genus Microbulbifer investigated in this study (Table 2) . A heatmap of the fatty acids profiles is shown in Fig. S3 .
The almost complete (1437 bp) 16S rRNA gene sequence of strain Cs16b T was determined and showed the highest similarity with the type strains of the species M. maritimus (98.1 %), M. taiwanensis (97.8 %) and M. gwangyangensis (97.6 %). Furthermore, strain Cs16b
T and the closest relatives were placed within the same phylogenetic group by both maximum-likelihood and maximum-parsimony methods (Fig. 2) . 16S rRNA gene sequence analysis revealed thus that strain Cs16b T belongs to the genus Microbulbifer and forms a species of its own. DNA-DNA hybridizations of strain Cs16b
T with closely related type strains were not conducted based on 16S rRNA gene sequence similarities between strain Cs16b
T and the closest type strains. Meier- Kolthoff et al. (2013) statistically confirmed that the threshold value previously established at 97 % 16S rRNA gene sequence similarity was too conservative in microbial species discrimination, and determined a Proteobacteriaspecific 16S rRNA gene sequence similarity threshold at 98.7 %, with a maximum probability of error of 1.00 %, to get DNA-DNA hybridization values above the 70 % threshold recommended by Wayne et al. (1987) to confirm the species status of novel strains. This observation was later confirmed by Kim et al. (2014) . The genomic DNA G+C content of strain Cs16b
T was 60 mol%.
Several phenotypic characteristics apart from the phylogenetic analysis based on 16S rRNA gene sequence support the distinctiveness of strain Cs16b T from other species of the genus Microbulbifer (Table 1) . Based on the phenotypic and genotypic data presented above, we suggest that strain Cs16b T represents a novel species of the genus Microbulbifer, for which the name Microbulbifer rhizosphaerae sp. nov. is proposed.
Description of Microbulbifer rhizosphaerae sp. nov.
Microbulbifer rhizosphaerae (rhi.zo.sphae9rae. Gr. fem. n. rhiza root; L. fem. n. sphaera -ae ball, sphere; N.L. gen. fem. n. rhizosphaerae from the rhizosphere).
Cells are Gram-stain-negative, unable to grow anaerobically with nitrate as terminal electron acceptor, non-sporeforming, non-motile, and catalase-and oxidase-positive. Rod and coccoid-ovoid cells are observed in association with the growth phase. Colonies are sand yellow and turn greenish-brown (NA-salt) or grey (MA) at maturity at 28 uC. Growth is observed in the presence of 1-6 % (w/v) NaCl; no growth is observed with 0.5 % NaCl or 7 % NaCl. Does not require the bivalent cations, Mg 2+ or Ca 2+ , for growth. Growth occurs at 15240 uC and pH 6.0-10.0. The oxidation of carbon compounds and resistance to inhibitory chemicals are shown in Table 1 and Fig. S2 . Positive for casein degradation, but negative for degradation of starch, tyrosine, xanthine and hypoxanthine. In API ZYM tests, valine arylamidase, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are present, but alkaline phosphatase, lipase (C14), a-and bglucosidase, N-acetyl-b-glucosamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-and b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase activities are absent. The predominant ubiquinone is Q-8. The main polar lipids are phosphatidylethanolamine, phosphatidylglycerol, an unknown glycophospholipid and an unknown aminoglycophospholipid. Cellular fatty acids consist mainly of iso-C 15:0 , iso-C 17:1 cis8, iso-C 11:0 3-OH and iso-C 17:0 .
The type strain, Cs16b
T (5DSM 28920 T 5CECT 8799 T ), was isolated in 2013 from the rhizosphere of the halophyte Arthrocnemum macrostachyum in the Lebrija marshes (Seville), Spain. The genomic DNA G+C content of the type strain is 60 mol%.
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